The concentrations of sodium, potassium, and Chloride in various control sera were determined by reference methods. The reference method values were comparöd with the corresponding method-dependent assigned values.
Introduction
For many years one of the most important means of accuracy control in clinical chemistry has been the comparison of the invidual result obtained from the analysis of a control serum and the corresponding method-dependent assigned value. This design has only been partially successful for' the following reasons. For the determination of the same analyte many different methods are used. These methods are more or less modified when adapted to mechanized Systems. For each of these procedures a target value has to be established. The target values for the same analyte can differ widely and it is not known which value approaches most reliably the true value. For some time method-dependent assigned values have not been available for new methods. On the other hand target values have to be established for less reliable methods that are in widespread use. The replacement of these procedures by better and new techniques is not promoted by the actual design of accuracy control·. The new design is based upon the comparison of the individual results with the reference method value. The reference method value is considered to be a reliable and most practicable approach to the true value (1) . The new design is equally applicable for all methods, even quite new ones, and their various modifications. The difference between the obtained result and the reference method value ought to be a reliable estimate of the bias between the routine and true values. It should lead to better interlaboratory comparability and more uniform reference intervals. The extent to which method-dependent assigned values for sodium, potassium, and chloride differ from the reference method value was evaluated in this study. Proposals concerning the acceptable bias of determinations obtained by routine methods from those obtained by the reference method value are discussed. l .2. Reference method values were established by flame photometry according to 1. c. (2) which is described below in the extract from the detailed protocol. In addition to the following procedure a semiautomated pipetting alternative was evaluated with similar results by the laboratories that participated in the NBS-study. In both procedures, however, every Step of the method must be performed äs described. Otherwise the reliability of the reference method is no longer güafanteed. · · 1.2.1. Reagents The distilled and/or deionized water used should exhibit a specific resistance of at least 0.01 · m at 23 ± 5 °C. Sodium Standard solution is obtained from Standard Reference Material SRM 919 (National Bureau of Standards (NBS), Washington, D. C. supplied by Winopal, Hannover). Other reagents that are used for the determination must meet American Chemical Society (ACS) specifications (3).
Materials and Methods

Glassware
All Volumetrie glassware should be of borosilicate material and meet National Bureau of Standards (NBS) Class A (4) specifications.
1.2.3. Manual pipetting Stock Solutions are diluted by employing only one 5 ml pipette with a washout technique, after 3 cycles of Operation for cpnditioning.
Instruments
In this study KLiNa (Beickman, München), an internal Standard Instrument, was used for flame photornetry. The protocol is not restricted to internal Standard Instruments. Non interrial Instruments raay be used äs well, if they meet the specifications. Air and propane are needed äs oxidant and fuel, respectively. Stability and repeatability of the Instrument have to be checked before each series of determinations, to ensure that they meet the requirements of the protocol.
Calibration curve
The calibration curve is constructed from the readings of the various sodium Standards after subtraction of the blank value using a least squares fit. Standard deviation of fit should be 1% orless.
1.2.6. Sample measürements Sample measürements are perforraeo^ by the bracketing technique. 5 valid sets of readings must be obtained to complete one measurernent. A set is considered valid if the emission intensities for the sample and the two Standards do not differ by more than 2 percent from any of the corresponding väiües in the previous Valid set. The concentration of an assay is calculated by mathematical Interpolation. The reference method value is the niean of four assays that are performed separately from four aliquots of the control serum. For the determination of one reference method valtie about 50 ml serum is needed. 2.2. The reference method for the determination of potassium in serum is based on flame photometry, and was performed äs described (1. c. (5)). For a better understanding an extract of the detailed protocol is given below. Besides the manual pipetting procedure that was used in this study a semiautomated pipetting alternative was evaluated with comparable results by the laboratories participating in the NBS-study. In every case both protocols have to be followed strictly to obtain the reliability äs declared. Reference method values were established by coulometry according to 1. c. (6) . The method is briefly described below in an extract from the detailed protocol. Besides the micropipetting procedure that was used in our study, a macropipetting alternative was evaluated by the laboratories that participated in the NBS-study with similar results. In both procedures, however, the protocol must be followed exactly. Otherwise the reference method values may be outside the specified limits. 4. Sodium, potassium, and chloride determinations in control sera and patients' samples by field methods in the same run were compared with the corresponding reference method values. In this study the following control sera were used: Control Serum N lot no. P 1039 (Hoffmann-La Röche, Grenzach-Wyhlen), Control Serum P lot no. P 2439 (Hoffmann-La Röche, Grenzach-Wyhlen), Monitrol I E lot no. 
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Results
Sodium
Precision and accuracy ofthe reference method
Precision was calculated by use of the 4 results, from which the reference method value is derived. In the mean of the 11 control sera that were investigated the coefficient of Variation was 0.38% (tab. 1). The results of one control serum were excluded, because its concentration was beyond the measuring r nge of the reference method. The mean bias between reference method value and definitive value was -0.13% (SRM 909) and 0.38% (Seronorm lot no. 156) respectively.
Comparison of reference method value and methoddependent assigned value
The sodium concentration of 12 control sera was determined by the reference method. The corresponding method-dependent assigned values were lower by -0.89% in the case of flame r atomic emission spectroscopy (flg. 1). Without predilution, the target values of the samples differed by + 0.98% for ioii selective electrodes. With predilution, the difference was + 0.34% (fig. 2) . The assigned values for photometric determinations had a mean bias of -4.69%. The difference was most prono nced in the upper concentration r nge ( fig. 3) .
Tab. 1. Precision and accuracy ofthe reference methods for the determination of sodium, potassium, and chloride in serum. Own results 
Standard
Precision and accuracy of the reference method
The mean coefficient of Variation of the 4 results that yield the reference method value was 0.39% (n = 15) (tab. 1). The mean bias of the reference method from the definitive value was -0.27% (n = 2; SRM 909) and -0.14% (n = 4; Seronorm 156).
Comparison of reference method value and methoddependent assigned value
The potassium concentration of 13 control sera was determined by the reference method. The target values for routine flame photometry were -1.24% lower than the reference method values (fig. 4) . The mean bias of values assigned to ion selective electrodes without predilution of the sample was -0.4% ( fig. 5 ). In the case of ion selective electrodes with predilution of the sample the differences were -0.4, -0.7, and -6.6% ( fig. 5 ). Nephelometric determinations differed by -1.9 and -4.8%, respectively. The bias was most pronounced in the upper measuring ränge ( fig. 6 ). 
The Chloride concentration of 18 control sera was determined by the reference method. Compared with the reference method value the target values for routine coulometric determinations were 2.3% lower in the mean (fig. 7) ; in the case of special Instruments the bias was less: -0.7% (EEL 920: Corning, Halstead, Great Britain), -0.4% (Astra: Beckman, München). Target values for ion selective electrodes differed by -0.3%. Photometric determinations by mercury thiocyanate/Fe 3+ had a bias of -0.5% (ACA: Du Pont de Nemours, Bad Nauheim), -0.3% (AAII: Technicon, Bad Vilbel), -0.2% (SMA: Technicon, Bad Vilbel), and + 0.7% (SMAC: Technicon, Bad Vilbel) that was not concentration-dependent ( fig. 8 ). Greater discrepancies were observed with values assigned for mercurimetric titration ( + 2.5%) ( fig. 9 ). In the case of determinations by mercury 2,4,6-tri-(2-pyridyl)-s-triazine, results have to be expected that are 1.8% higher than the reference method value. 1. Analytical precision 1.1. It is well known from the evaluation of external quality assessment schemes how precisely an analyte can be determined by routine methods. Coefficients of Variation have beeil piiblished that are used for the scores of the National External Quality Assessment Scheme (Wolfson Research Lab., Bihningham, Great Britain). Allowable raiiges of deviation may be derived from these data. This desigri disregards special properties of ä control serum that have an impact on precision.
1.2. Every lot of a control serum is analysed by an especially reliable routine method (selected method) to obtain the imprecision between days. It may be used for the calculation pf the acceptable ränge of deviation for all routine methods and takes iiitö accoünt to a certain degree special properties of a control serum. The mean deviation of all target values of a routine method from the reference method value is related to a hypothetical reference method value. The confidence ränge of the control sera äs declared by the manufactürers is adopted to the calculated method-dependent assigned values. The confidence ränge of the reference method values is taken from the Statements of the NBSprotocols (I.e. (2, 5, 6)) and iiicludes: reference method value + 2 · s (s: maximum Standard deviation when performing the reference method). In internal quality assessment an allowable ränge of deviation for routine analyses may be: reference method value + 2 -Standard deviation (Standard deviation according to l. or 2.). For external quality assessment one may propose: reference method value ± 3 · Standard deviation (Standard deviation according to 1. or 2.). Actually a bias of 10% with regard to the methoddependent assigned value is allowable äccprding tö the guidelines of the German authorities (Bimdesärz-tekammer). 
Clinical implications
Discussion
The reference methods for the determination of sodium, potassium, and Chloride are easily established, although they are rather tedious and time consuming. The bracketing technique for the computation of the concentration of an unknown sample is unpractical when the concentration of the sample is very similar to the adjacent calibrator concentration, especially if it is the lowest or highest. Intervial variability has to be looked for thoroughly. In the case of the electrolytes it may be minimized by control of the weight of the freeze-dried serum. On the other hand one may claim an adequate agreement between the 4 single values from which the reference method value is calculated. On the whole there was a satisfactory agreement between the reference method value and the target values for the most widely used routine methods. As compared to the method-dependent assigned value, the reference method value has the following advantages: According to the hierarchy of methods the reference method value is more reliable. Reliability is achieved by the use of calibration material of highest purity, a very detailed method protocol that encompasses especially precise methods of pipetting and measuring techniques, and validation of the result by several criteria that control analytical Steps and the whole analysis. Therefore the reference method value appears to be somewhat less dependent on the actual reliability of the used method than the method-dependent assigned value. The reference method value pennits evaluation of methods with objectivity (7). It will improve the accuracy (8) of routine methods and thus the interlaboratory comparability. This aim is achieved without any restriction of further developinent or obligatory use of standardized methods of unknown accuracy. Some disadvantages of the new design of accuracy control, however, have to be taken into consideration:
1. Reference method values have to be established additionally to routine workload by rather time consuining methods. 2. Reference methods are confmed to a measuring raftge that is usually smaller than the ränge of field methods (e. g. sodium: 110-160 mmol/1, potassium: 1.3-7.3 mmol/1, chloride: 79-117 mmol/1). 3. Reference methods are published only for a limited number of analytes. The methods are restricted to serum analyses, and urine is excluded. 4. Allowable limits of deviation have to be established by additional analyses, if they are not otherwise defined.
Our results agree well with a study of Gilben (9) , who compared values obtained by routine methods with definitive values. One may conclude that the reference method value is a reliable substitute for the definitive value. The determinations by definitive methods, however, require special Instruments (e. g. mass spectrometer) that are available only to a very limited extent, whereas reference methods are performed by Instruments common to the routine clinical chemistry laboratory.
The control sera are of special importance in accuracy control. Their characteristics must be very similar to patients' samples in order to guarantee that results obtained by analysis of control sera are equally valid for native materials. In the case of the electrolytes, sodium, potassium and chloride, the bias was similar and independent of the source of the analysed material. Differences were obtained with respect to other analytes (10) . If the bias is restricted to individual control sera, it may be due to differing specificity of the methods. The reference method, too, may be susceptible to interference (e. g. bromide interferes with the reference method for the determination of chloride).
The acceptable ränge of deviation may be defined independently of analytical precision according to clinical implications e. g. by use of the biological variance. In this case analytical reliability is directly orientated to its actual purpose. Routine methods must be improved to meet the clinical requirements, and methods that do not meet these requirements become self-evident. If the acceptable ränge of deviation is deduced from the presently available analytical precision, methods may be further used that are not suitable äs a reliable means of patients' care.
